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c . .  .I d ,  ; SECTION V.-SEISMOLOGY. 
./ 

RESUMPTION O F  SEISMOLOGICAL WORK. p w s .  It began only with tlic use of appara.tus so dc- 
signed and constructed as to record the times of begiii- 
ning and ciidiiig of  every material tremor, evoii though By C. F. MARVIN~ Chief of Bureau. 

(Dated, Weather Bmeaii, Washington, D. (’., Jiily I ,  1914.1 l in t  sensible to  man, its nniplitucle, rlircction? period, and 
otlier charcicteristics. -4s thew instrumciits have iii- 

Autliority liavilig been gra1ltcd 1)s COllgress fur  tlw crpaqed ill 11u1iil>t!r &lid distribu t.ion tliroi~ghou tm tnlle worh 1 W d h r  Bureau to conduct seismological work, to 1Wg’in ollr 1<11owle(1ge of tile st,r11c.t8t1rp of tlie earth. bot11 in t l l c ,  
with July 1. 1914, this work will accordingly be rc.sumed. (,ll+,Pr sllell portions, has becollie Illorc, 

As but limited funds are available for inaugurating the n~ ,u l l~~au t  ai,d lllorc. sl)ccl ? 
work, it will consist at the beginning of a syst,emat,ic col- 
lection of noninstrumentd reports, to rt.ndcrd 0 1 1  t,!l.e ppriocl, t,lli. 21,,li litutle, allcl subsiclencp of a vibra- 
postcards or other appropriate form, giving the t..ssmtinl tioll, frcj,lc P jeyoljcl lllllllnll S ~ L I I S ~  tmo det,chct, ca.used 
features of such slight eartliyuakes as are likely to be f d t  I , ~  break or slip ill t,lll. rocicy crust, (,f tile 
in almost any part of the United Statcs. Piwtkular s:l,llls of lllilps niv.sy, in til,, a1itipi,c1cs,- it lnay bc,. 
attrntion will be paid, 1loWever. to the Pacific coast and liallrl!gcs, ollc lnay \$-ell i~iii~giIi~>. tJlc ]>.igJier;t type l,f 
Rocky Mountain regions; the Mississippi ValleY in t lw i1l\*e11~,l\~(~ gqiius; \vliilt! its constn1ction and mamtenalict- vicinit )ut,s to test, slcill ,,f tile trailiecl Iiiec11anicia,n. sinii- 

tlioyght by tlw geophysicist and the estensive use o f  
vicillit~ of }arly, tlie iliterpretat,ioil of these records calla for iiiuc!i 

Charleston, S. C. 
It is believed that by the collection and study of nuiiier- ,lolie too easy l~latiicnlatic,s. 

ous reports of this character i t  will hc possible to locatr F ~ ~ , ~ ~  this it liiiglit SCelll tila$ seisl i lolo~ is an i1it-,:,l 
sections of the United States d ie re  scisiiiic inotioii 011 subject for the private diversioll of abstract sciplit,ist, 
existing fault lines is taking place with some frequc1ic.y ~ l , ~ , ~ ~  w+o at,tt,,lll t c1ifficlllt l,r~~lj~pll,s 
and re U l a r i t ~ .  ~ l l e  locatioll alld ” ~ P P ~ W  of tlicse poillt~ for t.\lc 11iere esliila.ratii>n tl:ey a~oJ’, or rt\vpl ill t,ll.e lux- 
of W e L e s s  are of great i ~ ~ p o r t ~ n c ~  ill tile co11cluc.t of ury of i1itricate tqufitions! can filic1 in scis11lolog-y cveiy 
certain kinds of engineering work, especially those rolat- 
ing to Fea t  water-si!pply projects or similar engineering 

juries resulting froni possible eart % I  qua -e nmtions. 
The development of the work along iustruii?ental l i n c b a ,  

which will proceed as rapidly as funds permit,, contem- 
plates the ostablishment of a liinited nunlber of instru- 
mentally-equipped stations that will serve to J.’icld rc.cord 
not only of sensible seismic phenomena, but also of the 
great unfelt vibrations resulting from large distant earth- 
quakes . 

The seisinological work will be under t h  sLipcrvisiuii of 

ill its (lee 

7yle dcsigllillg of apparat,us tlln,t \.\.ill rc!corcl tile 

of Missouri; certain 1)arts of New York State 
N ~ W  B 1lglal1d, and possibly the regioll 

Inclecd it is. 

escusc, for r.,l~llt,ss ec,lf-intllllgrc.ni.c. 

undertaking where it IS necc+isa.i to roridc against in- APPLIED OK PR.AC’I’LC.4L. 

“TO have is to use” is an axiom that it >plies tis well to 
knowledge is it does to land and chrttte s. Steam soon. 
moved ninny things besides tenket.tle lids. Similarly, tht! 
howledge, so far as that Iim already been Fained, of 
where earthquakes occur, why thoy occur, and how the 
earth vibrat.es under their shocks, has alroady found emi- 
nently practicd applications, m d  it is quite certain, froni 
t.he nature of these applications, that they mrin koe ill 

now generally reco_pized, that perhaps all notable earth- 
quakes are due to sudden breaks and disp1,ltlcenients in tho 
rocky crust, leads to two important deductions: (a) flitit 
each geologic fault, each surface across which the strata 
:ire nonconformable or rlisplaced, presuniably has heeii 
the origin, the focus, or epicenter of froni one to many 
eartliquakes; ( b )  that since, in general, a break remains 
forever a weak place in the earth’s crust, earthquakes are 
most likely to recur just where they occurred before. The 
first of these deductions, because it concerns thinp that. 
have dread pmsed, soiiie of them hunclreds, thousands, 
possibly mdions of years ago, can neither command the 
attention of the engineer nor cnt,c.h tlie intcrest of the nian 
of affairs. The second deduction. however, concerns not 
the past but the fut.ure and tliereforo has ii practical value 
that increiises direct,ly vr.itsll the frequency wit,li which dis- 
turbances recur. Hence vr-herever seismic shocks are at. 
all frequent, especially in populated portions of the world, 
w. careful engineer w-ould not SpiUl an active penlo_$ fault 
with a bridge, aqueduct,, clam, or other iiiiportant struc- 
ture if it could be avoided. Keither would n properly 
informed and prudent banker finance such an enterprise 
d e a s  the success of the project could be safeguarded. 

i 

Professor William J. Huniplireys. close touch with the ,pl’owhg knowledge. Thus the P act., 

SEISMOLOGY. 

By W. J.  HUMPHREYR. Professor of Meteorological Physics, in charge 
of Seismological Investigations. 

(Dated, Weather Bureau, Washington, Fels. 1,1915.1 

HISTORICAL AND INSTRUMENTAL. 

Although earthquakes have so appealed to tho iiiiagi- 
nation as to comniand a proniineiit lace in mythology. 
in tradition, and on the pages of ah) authentic history. 
nevertlieless the science of such phenonyia instead of 
being old like astronomy and geometry IS one of the 
youngest. Noninstrumental records of eartliqcmkes have 
it is true, been kept in Ja an and Italy for many centu- 
ries, and even ingenious CQ evicrs that would indicate the 
occumence of disturbances were set up in China nearly 
1,800 years ago, yet modern seismology, the science of 
earthquakes and the interpretation of their niaiiy phe- 
nomena, is indeed so ve modern as to require consid- 
erable liberality in concexg it an age of even 30 to 40 
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able, weak. 
4. Felt by persons walking. Doors, 

Indeed it would be well to keep these considerations 
clearly in nlind whenever building important permanent 
struc.tures even in the least disturbed regions, for it, c.an 
not be said with certainty that there is any place entirely 
free from the earthquake’s shock nor can anyone foretell 
when it will come or how severe it may be. 

Where such disturbances are rare it often is not ttdvis- 
able to incur heavy expense sim ly to minimize the dan- 
er. But the more important t P ie structure in que,stioii, 

&e more vitally it d e c t s  the conmunity; the more fre- 
quent and severe the shocks, the greater the need for 
recaution-tho avoidaiice of all well-marked seismic 

&reah  or geol?, Wic faults. 
Rut precautions, however urgent, can not-in general be 

taken unless the ongineer is first rovided with the neces- 
snry information-with detaile c f  maps locating seisniic 
centers. As this need applies e ually to al l  arts of the 
country, it clearly is a proper 7 unction of t E e National 
Government to supply, as rapidly as practicable, maps 
and other inforniation on seismic frequency and seisnlic 
severity. But how shall the Government fulfill t.his 
funct.ion2 Through what agency shall it operate in con- 
structing these maps which are so essential? 

In answer to these uestions it may he said that many 
have long recognized &at of the various Federal scientific. 
institutions the Weather Bureau is the best fitted to 
undertake this work, because it allrandy bas approsimately 
200 principal stations, widely distributed orer the entire 
l’nited States and manned by trained observers familiar 
with the maintenance of delicate automatic instruments. 
In addition it receives reports from over 4,000 cooperative 
observers. Thus it has all the necessary organization for 
the continuous and systematic c.ollection of data concern- 
ing earth uake henomena, and Congress has recantsly 
authorize 8 1  it to o this work. 

For the purpose of furthering thw work as muc.h as 
possible the bureau will assemble and puzbhh as often as 
may be necessary not only its own inatrumental records, 
but also any of reliable nature that may kindly be offered 
for that purpose by other institutions operating seisnio- 

In  addition to this it is collecting and will 
Ques- 

tion car& 011 which these reports may sasi v be rendered 
have already been sent to many persons throughout a11 
the States and will be furnished to any others who are 
sufficiently intorested to cooperate without cost to the 
bureau in this important work. The time required of 
each observer to prepare these card re,ports can not 
amount, on the average, to more than a ve few min- 

most years the majority of observers will have nothing 
whatever to  record. 

of the question card now in use 

1 pub ish noninstrumental reports of earth uakes. P “Yh- 

Utes during the course of an entire year. In  7 act, during 

may interest those w Tl o have not soen it: 
The following cop 

u. s. DEPARTMENT OF AQRICULTURE, WEATHER BUREAU 
(SEISMOLOGY). 

side, II Besued, for additional desrriptm and Information. 
Cross out words and arts not applical4e. and fill ip all remaininE spaces. Use other 

Date of earthquake: . . . . . -. . . . - - -. -. - ., 19. - - - 
Time of beginning (use railroad time): Hour, _ _  -. . min., -. . - - ., 

On mountain, hill, plain, in valley. Outdoors, 
indoors, let, 2d, 3d, __.... floor. 

a. m., p. m. 

Location of observer: 

cracked. Fright. 
9. Some houses artly or wholly 

Nature of shocks: Bumping, rocking, trembling, twisting, . -. . . . -. . - -. 
Intensity give number, see scale on other side): - -. . . _ _  -. -. - 
Duration of each: ..___._.._.__. . . -. . . . -, . . . . - - - -. -. . . . . -. . . -. . . . 
Direction of vibration: N.43.; NE.-SW.; E.-W.; SE.-NW. 
Sounds: No, yes. Before, mth, after shocks. Famt, loud, rumbling, 

Felt by: One, several, many. 
Name of observer: . . . - -. -. . . - - - . - -. - . . 
Address of observer: _.__ ___.. . - - -. . - 

Number o I shocks during earthquake: - -. . -. - - . . - - 

rattling. 

. - . . . . . . . . . -. - . -. . -. . - . . . 
-. . . , -. . . . . . - -. . . - - -. . . . . -. . . 

IaJu iwli 11: cord.] 

EARTHQUAKE INTENSITIES. (Adapted Rossi-Porel.) 

1. Felt only by an experienced 6. Bells rung, pendulum clocks 

2. Felt by a few pereons at rest, 1 7. Fall oPplaster, slight damage. 
observer, very faint. stop ed. Alarm. 
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PEASEE. 

P =(undae primae)=first preliminary tremors. 
PRn=P waves reflected n times a t  the earth's surface. 
S =(undae secondae)=second preliminary tremors. 
SRn =S waves reflected n times at the earth's surface. 
PS =transformed waves; longitudinal ( P )  to transversi1 (S), or vice 

I, =(undae longae)=long waves in principal portion. 
Id =(undae maximae)=greatest mohon in principal portion. 
C =(coda)=trailers. 
1' =(finis)=end of sensible disturbance. 
i =(impetus)=beginning. 

versa. 

NATURE OF TEE MOTION. 

e = (emersio)=appearance. 
T=period=twice time of oscillation. 
T=period of instrument. 
b=amplitude of earth movement, reckon4 irom zcm line. 
E or N attached to a symbol sirnify E-N ur N-8 component reapec- 

tively, thus: 
2 ~~,$ :}memiired in microns (p). 
V=mngnification of instrument. 
P =damping coefficient. 

millimeter. 

SEISMOLOGICAL REPORTS FOR OCTOBER, NOVEMBER AND DECEMBER, 1914. 

TABLE 1 .-iVon~iutrunientnl earthqunke  report^^, December, 1914. 

Day. 

- 

in  

"8 

2s 

'39 

29 

23 

30 

14 

21 
21 
21 
- 

tpproxi. 
mate 
time. 
Green- 
wich 
Civil. 

h. m. 
8 1  

111 48 

10 $3 
10 $6 

10 43 
10 43 
10 43 
10 53 

8 6  

10 00 
10 00 

10 00 

12 ng 
12 00 

i n  53 

in 13 

i n  on 

11 55 

1 0 0  

5 30 

5 25 
5 %  
5 25 
- 

Station. 

CALIFORNIA. . I : .  I 

Eureka ......................................... 41) Is I 1-21 11 

Ar1)olado ...................................... 3i 15 I 121 IF 
...................................... 3; li I 121 57 

coyote ......................................... 5' 14 I 1'1 4 1  

Painplwll I i  
Gilro!: ......................................... I ns j 121 2\ 
l ? i l k k b d  ....................................... .I; Ii I ~22 I> 
%an lrronrisw .................................. I 3: 1s I 1:: >ti 

I~ 

__. .do ......................................... 37 47 . 1:: 2; 
BmtaCrue ..................................... ;(ti 57 I 1:. 02 
Watsonville .................................... 31: 51 , 1'1 Ifi I 
Cahuilla.. ...................................... 
Agu3n.. ....................................... ... .do.. ....................................... 
Mesa Grnde.. ................................. 1 
La Jolh ........................................ 
.\guan@. ...................................... 
La Jolls ........................................ 

I SOUTH CAROLINA. 

SummerviUe ................................... 1 TEXAS. 
Anderson. ..................................... 

Enterprise.. ................................... 
Hurricane. ..................................... 
Pine Valiey .................................... 
Pinto. ......................................... I 

UTAH. 

33 21; i 111; 51 
32 51 I 117 11; 

53 06 i sn 14 

i 
i 30 31 ' 95 55 
i 

35 35 I 113 50 

3i  15 1L. 23 

37 %? I 113 31 
:j7 2J i 30 

Br-s. !. ............ .!. ....................... Forest. Servicv. 
2 i .............. 1.- ....................... p. M. R i e r .  
.I . 1~11ml~Iin~ ... 1 Shoo:; lm!rlinps.. ..... Stanley p. 

A !  
s i  

.,- -n ; 

.I . _ .  

I ! 

i mgs. 
1 m' ? ........... . j  Shook :r.oodcn lmild- 1'. S. Weather Bureau. 1.. 
1 
1 

ii 1 

' 3 1  

.............. 1 ,igent-P 1'. Co. . . . . . . . . . . . . . . . . . . . . . . . . . .  i.. &cli'ilter. 

............. _ i_  ....................... 1 I)oinInicm bist.ers. 

.............. 

............. .!. ................... . . . .I I;. R. We.ither Uiirc.ni. 

............. .; SIIWJI; biiildings.. ..... 
Rumbling ...;. ....................... 

1 ..... do ...... i ........................ rir. lv. I.. Shawk. 
I 2 Forest Service. 

2 I-'aulThomsen. 
1 1 4  Ilumhllng E. H. Davis. 
1 S .... .do.. Ben Amigo. 

1 j... .................... _,_. ...................... Form1 Servicc. 
...... ........... .:. ....................... Ben Ainigo. 

1 

1 I Few. Rumbling ...I (Explosion?). ......... Dr. rJscar Davis. 

..I Miss E. 11. Gadsden. 

I 
I 

30 

15 Faint ....... ! ........................ I. Y. Qardner. 

I Rumbling...!. ....................... Jits. E. IId.11. 1 ;  

1 , .... ......I.. ........... _;_. .................... ._I Amos Workmm. 

I 10 I RuinlJling ...I........................, I J.  H. IIwrison. 

TABLE 2.-In&umentnl report October, Nozrember, and December, 1914. 

[W~nshingtnn, 1). C. Latitude 3s' 54'; lo%$iidp, i7" 03': elewtion,,2l in. Time: Mean Greenwich. midnight to midiii:ht. Nomenchtiire: 1ii~sru;iliuiixl. Instrument: Marvin 
(vertical pendulum). E'mm Uct. 12 t n  Dec. 31,1914.] 

Date. 

1914. 
Oct. 22 

23 

Nov. 9 

10 

18 

I I j-rnplitude. ) I  
gtz; &%. Remarks. 

I I,e- 
Phase. i Time. ribd 

__ -- __ ...... ! 

It ..... .... 

...... ! 7 11 30 ............ ............ 
' I  1 16 5,920 Some doul,t a!.out 

I I 11. .... e ~ N  .... j 6 38 o9 . 
iN.. .... 6 41 21 phasn. 

LN ..... I 07 45 40 .................. 4 ...... 7 21 30 40 .................. 
L ....... I 7 28 25 25 ...... 7 ...... 
L ....... 7 41 m ........................ 

8 04 00 ........................ 
It ..... 1 23 40 ......,...... ............ 

A ........ I ! !  25 2s I I ............ I ...... 

BN? ..... 6 45 41 
L~ ...... 57 .w ?n .................. 

...... 

1 

! 
IId .... OP,. ...I 1 1  84 ?? 4 1 ............ o(x) 

L ....... ! 1 '  25 50 ....................... 
....... I !! s7 00 I....... .................. INN Y ..... 11: ::I? 1: 1 -  7 I...._.I 181 ......I 

II 
10 .: .._. S not on N-S ex- / I  II*. ... P 1 9 45 27 . i 1 1  175 Pnot  on E-w. 

isN: _.._ 9 51 24 2g :::::: 
L:.:::::i 9 54 13 20 .................. CeptWtrW. 

F ....... 102SOO ........................ 16, ..... 9 56 10 10 ...... 13 ...... 

-i I l -~_!- i  I ........ 

! H. m. a. 
111. ... ...... 12 12 17 

12 17 43 ....... 12 17 56 .... 12 '10 69 

I F ....... 14 04 00 
M ....... I:! 21 n; 

1 Sce. I P P Km. I 
3 ............ 3.M0 
a .................. 

....... 110 136 ...... i 

...... I .................. 1 

S' 84 ......I .................. i 

I. ... .. .... .... 
............ ...... ....... ...... 

I S i  ...... ! 14 36 4U ' 
14 5" 45 ! 45 

1 k.:::::\ 16 00 U O !  
! 11 ,-..- eP .... 3 /Ij 27 ~ 2 ............ IS.1M 

LE ...... 3 5 ' 2 4 4  13 !......I is: ..... 3 50 01 ! ...... ......I ............ ; 
M, ..... 3 56 40 ............. : 14 ....... 
F...-.. 

...... ...... 
4 15 0 0 ;  , 

i I 

.... ............ ! 11, .... ?PN 3 JB 27 ~ 2 IS.1M 

LE ...... 3 5 ' 2 4 4  13 !......I IS, ..... 3 50 01 ! ...... ......I ............ ; 
M, ..... 3 56 40 ............. : 14 ....... 
F...-.. 

...... ...... 
4 15 0 0 ;  , 

i 
I 
I 

I 
i 


